Objective: To examine the changes over time in cardiorespiratory fitness and body mass index (BMI) of children. Design: Serial cross-sectional, population-based study. Setting: Primary schools in Liverpool, UK. Participants: A total of 15 621 children (50% boys), representing 74% of eligible 9-11-year olds in the annual school cohorts between 1998/9 and 2003/4, who took part in a 20m multi-stage shuttle run test (20mMST). Main outcome measures: Weight, height, BMI (kg/m 2 ) and obesity using the International Obesity Taskforce definition. Results: Median (95% confidence interval) 20mMST score (number of runs) fell in boys from 48.9 (47.9-49.9) in 1998/9 to 38.1 (36.8-39.4) in 2003/4, and in girls from 35.8 (35.0-36.6) to 28.1 (27.2-29.1) over the same period. Fitness scores fell across all strata of BMI (Po0.001). Moreover, BMI increased over the same 6-year period even among children in fittest third of 20mMST. Conclusion: In a series of uniform cross-sectional assessments of school-aged children, BMI increased whereas cardiorespiratory fitness levels decreased within a 6-year period. Even among lean children, fitness scores decreased. Public health measures to reduce obesity, such as increasing physical activity, may help raise fitness levels among all children -not just the overweight or obese.
Introduction
The prevalence of obesity has been increasing in different populations and across age groups. 1 In adults, the rapid increase in obesity prevalence has concurred with an increasing sedentary lifestyle, whereas total energy consumption has declined. 2 A similar rise in the prevalence of overweight and obesity among children has been observed 3, 4 but there has been no evidence of any secular increase in mean energy or fat intake in this age group, 5, 6 suggesting a potential role for sedentary lifestyle as an underlying factor in the rapid rise of obesity prevalence.
As low fitness is associated with high fatness [7] [8] [9] [10] and low physical activity, 11 the increasing prevalence of obesity and of the proportion of children leading sedentary lifestyles suggest that overall fitness levels may have fallen. Hence, as fitness is an important component of metabolic health [12] [13] [14] [15] [16] and a strong independent predictor of premature death, 17 identifying changes in fitness levels among children during the 'obesity epidemic' could indicate the need for interventions to improve fitness in this age group. We studied the secular trend in fitness levels and body mass index (BMI) of 9-11-year olds in Liverpool, UK from 1998 to 2004.
Methods
We obtained data from SportsLinx, a health and fitness initiative of Liverpool City Council, UK. SportsLinx collected data on the health and fitness of Liverpool schoolchildren as part of promoting and encouraging sport, physical activity and healthy eating. 18, 19 The SportsLinx team members approached all primary schools in Liverpool and invited 9-11-year-old children from 'year 5' in successive school years 1998/9 to 2003/4 to participate in a series of fitness tests. Informed consent was sought from parents and children. The study has been approved by the Liverpool Children's Local Research Ethics Committee. The SportsLinx team were trained in and conducted the 20 m multi-stage shuttle run test (20mMST) to assess cardiorespiratory fitness among schoolchildren as part of the standardized Eurofit fitness assessment. [20] [21] [22] [23] Height was measured to the nearest 0.1 cm using Seca Leicester stadiometer (Cranlea, Birmingham, UK) and weight to the nearest 100 g using Seca 770 electronic scale (Cranlea, Birmingham, UK), from which BMI was calculated as weight/height 2 (kg/m 2 ). The Index of Deprivation Affecting Children 2004 was assigned to the postcode of the school as an approximate, area-based socio-economic measurement. 24 Of the 117 primary schools in the city, over 90% (n ¼ 106) agreed to take part in the project and 74% (n ¼ 21 137) of eligible children agreed to participate. We limited our analyses to 15 621 child records with complete data on height, weight and 20mMST. During the course of the annual assessment, the ethics committee suggested that team members involved in assessing fitness should be trained in using a defibrillator. Owing to the limited number of trained personnel, the number of testing sessions in some schools was reduced during the last 2 years of the study, which resulted in fewer participants during this period.
Linear regression models were used to assess the relationship between cardiorespiratory fitness and BMI. The 20mMST scores (number of completed runs over a 20 m distance) were transformed by taking the square roots, as such transformation normalized the data to a symmetrical distribution. We also transformed BMI logarithmically to centre the skewed distribution. We then used sex-specific z scores, calculated as (observation -mean)/standard deviation (s.d.), for BMI and 20mMST scores as outcome variables or as covariates in the regression models. We also classified children as overweight and/or obese as defined by the International Obesity Taskforce (IOTF) BMI cutoffs. 25 We defined unfitness as the lowest third of the distribution of 20mMST scores for both boys and girls and for all years. The range of 20mMST score of the lowest third for all participants (o30 runs) was comparable to the range when we used sexspecific tertiles (lowest third was 3-27 for boys and 2-21 for girls). Deprivation was not a significant factor in any of the models examined; therefore, we excluded it in our regression models. Statistical interactions between variables were also investigated using analysis of variance. Results are presented as the main effect with 95% confidence interval (CI). There was no significant difference in the secular trend for 20mMST scores between boys and girls. An increasing b Overweight or obese using International Obesity Taskforce classification. 51 Cardiorespiratory fitness and BMI of English children G Stratton et al proportion of those in the most unfit category (bottom third of 20mMST) was observed during the 6-year period in boys and girls (Table 2) , with almost twofold difference in the proportion of unfit boys observed between 1998/9 and 2003/4. During the same 6-year period, BMI (Table 1) increased, and the prevalence of overweight or obesity (Table 2) increased from 15-26% in boys, and 20-31% in girls. Figure 1 shows the serial changes in 20mMST scores and BMI of children on a comparable scale. The annual decrease in fitness from 1998/9 to 2003/4 was accompanied by an annual increase in BMI during the same period. Age, sex and year accounted for 2% of the variation in mean BMI over the 5-year period -this increased to 21% when we added the 20mMST variable to the regression model. Table 2 shows the yearly increase in BMI z score over the study period. The magnitude of the increase was reduced to less than half when we adjusted for 20mMST scores. A similar direction and magnitude of trend was found when we analysed boys and girls separately. The yearly rise in BMI was observed even when we limited our analyses to the first 4 years. Moreover, the falling cardiorespiratory fitness scores also fell significantly over time. The trend to lower fitness scores was attenuated by taking the trend to rising BMI into account, but it remained a significant fall. Although the reduction in fitness level was similar with or without adjustment for sex, the falls in fitness were smaller for girls during the first 4 years of the study period. However, the falling trend was similar for boys and girls when the whole study period was considered.
Results
Although the rise in BMI was not totally explained by fitness level and sex, the slope for the BMI trend over time varied with fitness level, year of measurement and sex (P for 3-factor interaction o0.001) (Figure 2 ). The BMI z score rose over time in both boys and girls, but the slope for boys in the middle third of 20mMST scores (30-46 runs) was less steep than in the other categories. In the top third of the fitness group, the rise in BMI over time was steeper for girls such that the BMI z score approached the level of boys in the latter study period. Moreover, those in the top third of fitness scores who were assessed in 2003/4 approached the BMI z score of girls in the middle third of fitness level assessed in the earlier years of the study period.
We also examined the sex-specific secular trend for 20mMST scores by weight categories (Figure 3 ). Fitness levels fell over time across all categories even among normal weight boys and girls. Among overweight children, those who were assessed in 2003/4 had fitness scores approaching the level of that of obese children, particularly among those who were assessed in 1999/2000. Although the falls in fitness scores were slightly higher for obese boys, the interaction of sex, weight category and year of measurement was marginally insignificant (P ¼ 0.056).
Discussion
From 1998 to 2004, we observed decreasing levels of cardiorespiratory fitness among 9-11-year-old children. We noted a reduction in 20mMST scores between 1998 and 2004 
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by 23% in boys and girls, and the proportion of those considered 'unfit' increased by about 36% in girls and 50% in boys. During the same period, overweight and obesity prevalence also rose by about 56% in girls and 80% in boys. Although the absolute fitness and BMI z scores differed between boys and girls, the relative increase in BMI and decrease in fitness z scores were similar between the sexes over the 6-year period. Moreover, the reduction in fitness level over time was observed not only among overweight or obese children but also among lean children. As poor cardiorespiratory fitness is related to poor metabolic health and an increased risk of premature death, 13, 15, [26] [27] [28] [29] the falling fitness of children during the obesity epidemic could be detrimental to the future public health.
There have been suggestions that physical fitness levels in children have been falling. Among 9-year-old children, boys (but not girls) assessed in 1997/8 had higher fat mass and lower fitness level than in 1985/6. 30 It was also estimated that fitness declined by 0.4% per year (or 2.4% over a 6-year period) among children over the past two decades. 31 Our study suggests a 23% reduction in fitness level of a 6-year study period in both boys and girls. Our estimates of the Cardiorespiratory fitness and BMI of English children G Stratton et al reducing fitness levels may be bigger because the children in our study were measured at a later stage of the obesity epidemic than earlier studies. Differences in defining fitness might also contribute to variations in estimating fitness decline over time. Regardless of the inconsistencies in the estimates, all these studies suggest declining fitness levels in children.
Overweight and obese children are generally less fit. 7, [32] [33] [34] Obese individuals may further reduce their fitness by refraining from exercise. 35 Conversely, higher fitness is associated with lower fat mass. 36 However, the temporality of the association between fitness and fatness could not be tested in our series of cross-sectional assessments. It is more likely that both factors are interrelated and interdependent. Nevertheless, the secular trends for both BMI and fitness levels persisted even when we adjusted one variable for the other.
The increasing prevalence of obesity might suggest an increasingly positive energy balance, yet there has been no clear evidence of a secular increase in total energy or fat intake, 37, 38 even among children. 5 Although dietary intake assessments are inaccurate, it is plausible that physical activity changes underlie the concurrent rise in obesity and fall in fitness that we observed. Higher levels of physical activity are generally associated with lower body fat 39 as well as greater cardiorespiratory fitness. 40 Although physical activity is distinct from physical fitness, 41 the level of cardiorespiratory fitness indicates the level of physical activity in adults 42, 43 and children, 44, 45 and has been shown to correlate particularly with moderate to vigorous physical activity. 46 We speculate that the physical activity level of these children during the obesity epidemic has been neither 'high' enough to induce an energy balance to prevent excessive rise in excess weight, nor 'vigorous' enough to increase or maintain fitness levels. The rising BMI even among the fittest children was an intriguing finding. This rise in BMI in the fittest group was steeper for girls than for boys. It is plausible that more fit children are more physically active and develop a bigger lean (via muscle) mass. Our data could not rule out this possibility as we did not have direct measure of lean mass. However, in the fittest third, it seems unlikely that more muscle mass is gained among more contemporary children for the same level of cardiorespiratory fitness. Moreover, among those with higher BMI, fitness levels have likewise fallen over time. Although we could not distinguish fat mass from muscle mass, it is more likely that the falling fitness in the majority of the higher BMI group reflects a body composition that is increasingly more fat than lean mass. More importantly, fitness level was also declining over time among lean children. Hence, it is possible that the level of physical activity in these children was at a level that has not prevented the rise in BMI (even among the fittest) and the fall of fitness level (even among the leanest).
The limitations to our study are: children's performance in cardiorespiratory fitness tests such as the 20mMST may be affected by motivation, 47 although 20mMST remains a reliable indicator of aerobic fitness among school children. 22, 23 The number of children participating in the latter years was reduced. There could be a selection bias owing to selective decrease in participation by the relatively unfit, overweight or obese, or both. But the basis for the reduced number of participants was mainly because of limited testing in schools in the last 2 years. The proportion of boys and girls and mean age remained similar across the study period even during the last 2 years. Even when we excluded the last 2 Cardiorespiratory fitness and BMI of English children G Stratton et al years from the analyses, the rising BMI and the falling 20mMST scores remained significant. It is, therefore, less likely that the reduced number of participants resulted in a systematic difference in baseline characteristics of the participating children. Moreover, body composition might be needed to distinguish whether the rise in BMI is owing to fat mass or lean mass. Social class variation is unlikely to explain our findings as it was neither a significant factor in our regression models nor related to the increasing obesity prevalence in this children. 48 We have not assessed diet or physical activity. The lack of consistent evidence about secular changes in children's diet and physical activity could be owing to difficulties in assessing these factors, particularly in this age group. The main strength of this study was that it measured cardiorespiratory endurance and body size for a large proportion of the population of children in a narrow age band over a period of time that was sufficiently long for the examination of time trends. Hence, we did not rely on ecological data to describe time trends for falling fitness levels and increasing fatness among children. Moreover, we assessed fatness and fitness during the obesity epidemic. Hence, our findings should be relevant to more contemporary public health issues.
The implications of decreasing fitness levels in children are substantial. Children are losing the metabolic effects of fitness that might protect them from excessive weight gain as well as other metabolic ill health. As the risks of unfitness and obesity are cumulative, tracking from childhood to adulthood, 49 this situation is extremely worrying for the future public health. Therefore, physical fitness should be encouraged for all children regardless of their BMI, and as England embarks upon universal monitoring of BMI among children, 50 fitness levels should also be monitored.
